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7KH ILHOGGULYHQPRWLRQ DQG SLQQLQJ RI GRPDLQZDOOV
LQ IHUURPDJQHWLF QDQRZLUHV DUH WKH VXEMHFWV RI LQWHQVLYH
UHVHDUFK PRWLYDWHG E\ SURPLVLQJ DSSOLFDWLRQV IRU WKH
GHYHORSPHQW RI PDJQHWLF ORJLF DQG GDWD VWRUDJH V\VWHPV
>@ 7KH LQIRUPDWLRQ LQ WKHVH GHYLFHV LV HQFRGHG DV D
GLUHFWLRQRIORFDOPDJQHWLFPRPHQWLQ1:DQGZULWHHUDVH
RU FDOFXODWLQJ SURFHVVHV DUH FRQQHFWHG ZLWK GRPDLQV
UHRULHQWDWLRQDFFRPSDQLHGE\':VQXFOHDWLRQPRWLRQDQG
DQQLKLODWLRQ 2QH RI WKH PDLQ SDUDPHWHUV OLPLWLQJ WKH
RSHUDWLRQ UDWH RI VXFK V\VWHPV LV WKH YHORFLW\ RI ':
SURSDJDWLRQ7KLVSDUDPHWHU LV VWURQJO\GHSHQGHQW RQ WKH
WUDQVYHUVH ILHOGPDJQLWXGH':VWUXFWXUH1:VKDSHDQG
GLPHQVLRQV >@ ,Q SUDFWLFH ': YHORFLW\ UHDFKHV D
YDOXH XS WR  NPV >@ 2Q WKH RWKHU KDQG WKH
RSHUDWLRQ RI ': EDVHG PDJQHWLF ORJLFDO FHOOV DQG GDWD
VWRUDJH V\VWHPV UHTXLUHV WKH FRQWUROOHG ': SLQQLQJ IRU
SUHVHUYDWLRQ IURPDFFLGHQWDO GDWD HUDVLQJ DQG WR VDYH WKH
UHVXOWVRILQWHUPHGLDWHFDOFXODWLRQV7KHVLPSOHPHWKRGRI
': SLQQLQJ LV XVLQJ WKH JHRPHWULFDO IHDWXUHV LQ 1:
WRSRORJ\ DQG DUWLILFLDOO\ SDWWHUQHG WUDSV DW WKH 1: HGJH
>@ 7KH YHU\ LQWHUHVWLQJ YDULDQWV RI ': SLQQLQJ
EDVHG RQ PDJQHWRVWDWLF LQWHUDFWLRQ RI ': ZLWK
VXSHUSDUDPDJQHWLF QDQRSDUWLFOH DQGZLWK1: VWXEVZHUH
FRQVLGHUHG UHFHQWO\ LQ 5HIV  ,Q SDUWLFXODU LW ZDV
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7KHSUHOLPLQDU\ VLPXODWLRQV VKRZHG WKDW WKH FRHUFLYH
ILHOG LQ [ GLUHFWLRQ IRU 1: ZLWKRXW SDG 1:+ ZDV
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WKH VWHSV RI VLPXODWHG H[WHUQDO ILHOGZHUH2H1RWHWKDWWKH13¶VFRHUFLYHILHOGDORQJWKH[GLUHFWLRQ LV PXFK ODUJHU WKDQ WKH 1:¶V FRHUFLYH ILHOG
[
13+ ! 1:+ :H SHUIRUPHG WKH PLFURPDJQHWLF VLPXODWLRQV RISLQQLQJGHSLQQLQJSURFHVVHV LQ WKH1:13V V\VWHP7KHFRPSXWHU H[SHULPHQW KDG WKH IROORZLQJ VFHQDULR $W WKHILUVWVWDJHWKH1:ZDVPDJQHWL]HGXQLIRUPO\IURPULJKWWR OHIW ±[ GLUHFWLRQ LQ DQ H[WHUQDO PDJQHWLF ILHOG
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ILHOG IURP OHIW WR ULJKW [ GLUHFWLRQ 1: H[ 1XF+ + +! ! ,Q WKLV FDVH WKH UHRULHQWDWLRQ RI PDJQHWL]DWLRQ LQ WKHFLUFXODUSDGDQGWUDQVYHUVH':IRUPDWLRQZHUHREVHUYHG7KHUHVXOWRIPLFURPDJQHWLFVLPXODWLRQRI WKH':LQ WKH1:LVUHSUHVHQWHGLQ)LJ,WLVVHHQWKDWWKH':KDGWKHFKDUDFWHULVWLFWUDSH]RLGDOVWUXFWXUH
),*  7KH VLPXODWHG ': VWUXFWXUH LQ  î  î  QP&R)H1:7KHTXDVLXQLIRUP UHJLRQV DUH LQGLFDWHG DV , DQG ,,7KH PDJQHWL]DWLRQ YHFWRUV LQ WKH UHJLRQ D DUH WXUQHG
RQ WKH DQJOHV D   D Sp DQG LQ WKH UHJLRQ E RQ
E     S D Sb b  7KH UHJLRQV DDQG EDUHPDUNHGE\GDUNWRQHV 7KH SURFHVV RI 1: PDJQHWL]DWLRQ UHYHUVDO LVDFFRPSDQLHGE\':SURSDJDWLRQIURPWKHSDGWRWKHIUHH1: HQG DQG FDQ EH VWRSSHG GXH WR PDJQHWRVWDWLFLQWHUDFWLRQ ZLWK WKH 13V JDWH 7R HVWLPDWH WKH SLQQLQJHQHUJ\DQGGHSLQQLQJILHOGVIRUGLIIHUHQWFRQILJXUDWLRQVRIPDJQHWL]DWLRQ LQ WKH 1:13V V\VWHP ZH FRQVLGHUHG WKHGHSHQGHQFH RI WKH ':13V LQWHUDFWLRQ HQHUJ\ RQ ':SRVLWLRQ,QJHQHUDO WKHSRWHQWLDOHQHUJ\RIWKH1:LQDQH[WHUQDOPDJQHWLFILHOGFDQEHFDOFXODWHGDVIROORZV
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':[ LV WKH SRVLWLRQ RI WKH ': FHQWHU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WKHPDJQHWL]DWLRQRIWKH1:DQG13VGRHVQRWGHSHQGRQWKH ] FRRUGLQDWH 7KHQ [ DQG \ FRPSRQHQWV RI DQDQRSDUWLFOH¶V VWUD\ PDJQHWLF ILHOG FDQ EH ZULWWHQ LQ WKHIROORZLQJIRUP
        13 13 1313 [ 6 13   9 13 13 \ \ [ [+ [ \ 0 G9\ \ [ [    ³  
         13
 
13 13
13 \ 6 13   
9
13 13
 \ \ [ [+ [\ 0 G9
\ \ [ [
     ³  
ZKHUH WKH LQWHJUDWLRQ LV SHUIRUPHG RYHU WKH QDQRSDUWLFOH
YROXPH 139  13[ DQG 13\ DUH WKH FRRUGLQDWHV RILQWHJUDWLRQ
7KHGHSHQGHQFHRIWKHLQWHUDFWLRQHQHUJ\ 1:( RQ':SRVLWLRQ DOORZV RQH WR HVWLPDWH WKH SLQQLQJ HQHUJ\ DQGGHSLQQLQJ ILHOGV IRU GLIIHUHQW FRQILJXUDWLRQV RIPDJQHWL]DWLRQLQWKH1:13VV\VWHP:HFDUULHGRXWWKHQXPHULFDO FDOFXODWLRQV RI HQHUJ\ ODQGVFDSH EDVHG RQIRUPXODVDQGWKHPRGHORIULJLG':RPLWWLQJ WKHFKDQJLQJRIH[FKDQJHDQGGHPDJQHWL]LQJHQHUJ\ZLWK':SURSDJDWLRQ IURP SDG WR WKH IUHH 1: HQG > @:HXVHGWKHVLPXODWHG':PDJQHWL]DWLRQGLVWULEXWLRQ)LJ
DVWKHPRGHOGLVWULEXWLRQLQWKH  1: ':( [ FDOFXODWLRQV7KH HIIHFWV RI ': SLQQLQJ GHSHQG RQ WKH PXWXDOFRQILJXUDWLRQ RI PDJQHWL]DWLRQ LQ WKH 1: DQG 13V'LIIHUHQWSRVVLEOHYDULDQWVRI1:DQG13VPDJQHWL]DWLRQFRUUHVSRQGLQJGHSHQGHQFHVRI1:13VV\VWHPHQHUJ\RQ': SRVLWLRQ DQG UHVXOWV RI PLFURPDJQHWLF PRGHOLQJ DUHUHSUHVHQWHGLQ)LJXUHV/HW XV DQDO\]H ILUVWO\ WKH FRQILJXUDWLRQ UHSUHVHQWHG LQ)LJD $W\SH FRQILJXUDWLRQ ,Q WKLV FDVH WKHPDJQHWL]DWLRQ YHFWRUV LQ 1: DQG LQ 13V DUH GLUHFWHGWRZDUGV HDFK RWKHU KHDGWRKHDG RU WDLOWRWDLOFRQILJXUDWLRQV7KHFRUUHVSRQGLQJGHSHQGHQFHVRIHQHUJ\
1:( RQ ': SRVLWLRQ DW GLIIHUHQW H[WHUQDO ILHOGV DUHUHSUHVHQWHG LQ )LJE ,W LV VHHQ WKDW':SURSDJDWLRQ LVFRQQHFWHG ZLWK RYHUFRPLQJ WKH HQHUJ\ EDUULHU ZKLFK LVGHILQHGPDLQO\E\PDJQHWRVWDWLFLQWHUDFWLRQRI1:SDUWV,DQG ,, ZLWK 13V ILHOG [ FRPSRQHQW 1RWH WKDW WKHPDJQLWXGHRIEDUULHULVLQGHSHQGHQWIURPWKH':GLUHFWLRQGXHWRV\PPHWU\RI13VPDJQHWLFFRQILJXUDWLRQ+HQFHLQD ZHDN PDJQHWLF ILHOG ':ZLOO EH SLQQHG LQ WKH UHJLRQEHIRUH 13V JDWH 7KH HVWLPDWH RI HQHUJ\ EDUULHU DW ]HUR
ILHOG LV %(  Â HUJ ,Q DQ H[WHUQDO PDJQHWLF ILHOGWKHSLQQLQJEDUULHULVGHFUHDVHGDQGDW2HGHSLQQLQJ
ILHOG %+  LWYDQLVKHVFRPSOHWHO\FXUYHLQ)LJE$VLWZDV REWDLQHG LQ RXU FRPSDUDWLYH DFFXUDWHPLFURPDJQHWLFVLPXODWLRQVWDNLQJLQWRDFFRXQWWKHHIIHFWVRI':DQG13VPDJQHWL]DWLRQ GLVWXUEDQFH WKH UHODWLYH HUURU LQ
 1 : ' :( [ FDOFXODWLRQV EDVHG RQ ULJLG ':PRGHO LV OHVVWKDQ VHHGRWV DW WKH FXUYH LQ)LJ E DQG FDQEHQHJOHFWHGLQTXDOLWDWLYHFRQVLGHUDWLRQV7KHPLFURPDJQHWLFVLPXODWLRQV DOVR FRQILUPHG WKH ': SLQQLQJ EHIRUH WKH13V JDWH 7KH SRVLWLRQ RI SLQQHG ': LQ WKH H[WHUQDO
PDJQHWLFILHOG H[+  1XF+ LVVKRZQLQ)LJF7KHFULWLFDOGHSLQQLQJ ILHOG HVWLPDWHG GLUHFWO\ IURP 2200)
PRGHOLQJ ZHUH %+   2H LQ VLPXODWLRQ WKH ILHOGLQFUHDVLQJVWHSZDV2H
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 LV WKH$W\SH FRQILJXUDWLRQ RIPDJQHWL]DWLRQ LQ WKH1:13VV\VWHPLQDQH[WHUQDOPDJQHWLFILHOGELVWKHSRWHQWLDO
HQHUJ\SURILOHV  1: ':( [ IRUGLIIHUHQWH[WHUQDOPDJQHWLFILHOGV
7KH VROLG OLQH  LV WKH HQHUJ\ SURILOH DW ]HUR ILHOG 7KH GRWGDVKHGOLQHLVIRUWKHFULWLFDOH[WHUQDOILHOG+%  2H7KHGDVKHG OLQH  LV IRU WKH LQWHUPHGLDWH ILHOG +% 7KH ':SLQQLQJSRVLWLRQLVLQGLFDWHGVFKHPDWLFDOO\E\FLUFOHDWFXUYH
FLVWKHPRGHOPDJQHWL]DWLRQGLVWULEXWLRQDW H [+  1XF+  2HGHPRQVWUDWLQJWKH':SLQQLQJRQWKHSRWHQWLDOEDUULHUEHIRUH
WKH 13V G LV WKH PRGHO0)0 FRQWUDVW GLVWULEXWLRQ IURP WKH1:13 V\VWHP ZLWKRXW QXFOHDWLQJ SDUW FRUUHVSRQGLQJ WR WKHPDJQHWL]DWLRQGLVWULEXWLRQVKRZQLQ)LJF7KH0)0SROHIURPWKHWUDQVYHUVH':LVLQGLFDWHGE\WKHZKLWHDUURZ %HVLGHV ZH FDOFXODWHG WKH H[SHFWHG 0)0 FRQWUDVWGLVWULEXWLRQV IRU WKH FRQILJXUDWLRQ RI PDJQHWL]DWLRQSUHVHQWHG LQ )LJF WR FRPSDUH ZLWK UHVXOWV RIH[SHULPHQWDO 0)0 LQYHVWLJDWLRQV 7KH PRGHO 0)0
LPDJHZDVFDOFXODWHGDVWKHSKDVHVKLIW M'  RIFDQWLOHYHU
RVFLOODWLRQV XQGHU WKH JUDGLHQW RI WKH PDJQHWLF IRUFH>@
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ZKHUH4 LVWKHFDQWLOHYHUTXDOLW\IDFWRU.LVWKHFDQWLOHYHU
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),*DLVWKH%W\SHFRQILJXUDWLRQRIPDJQHWL]DWLRQLQ1:13VV\VWHPLQDQH[WHUQDOPDJQHWLF ILHOG E LV WKHHQHUJ\(1:SURILOHIRUGLIIHUHQWH[WHUQDOPDJQHWLFILHOGV7KHVROLGOLQHLVWKHHQHUJ\SURILOHDW]HURH[WHUQDOILHOG7KHGRWGDVKHGOLQHLV IRU WKH FULWLFDO PDJQHWLF ILHOG +:  2H 7KH GDVKHG OLQHLVIRUWKHLQWHUPHGLDWHILHOG+: 7KH':SLQQLQJSRVLWLRQLV LQGLFDWHG VFKHPDWLFDOO\ E\ FLUFOH F LV WKH PRGHO
PDJQHWL]DWLRQ GLVWULEXWLRQ DW H [+  1XF+   2HGHPRQVWUDWLQJWKH':SLQQLQJLQWKHSRWHQWLDOZHOOEHWZHHQ13VG LV WKH 0)0 FRQWUDVW GLVWULEXWLRQ IURP WKH 1:13 V\VWHPZLWKRXW QXFOHDWLQJ SDUW FRUUHVSRQGLQJ WR WKH PDJQHWL]DWLRQGLVWULEXWLRQ VKRZQ LQ )LJ F 7KH 0)0 SROH IURP WUDQVYHUVH':LVLQGLFDWHGE\ZKLWHDUURZ
IRUFH FRQVWDQW DQG )] LV WKH ]FRPSRQHQW RI PDJQHWLFIRUFH7KLV YDOXH LV SURSRUWLRQDO WR WKH VHFRQG GHULYDWLYH
RI VDPSOH PDJQHWLF VWUD\ ILHOG  ]+ ]s s  7KH PRGHO0)0 LPDJH FRUUHVSRQGLQJ WR WKH PRGHO PDJQHWL]DWLRQGLVWULEXWLRQ )LJ F LV SUHVHQWHG LQ )LJ G 7KHFDOFXODWLRQVZHUHSHUIRUPHGIRUWKHVFDQQLQJKHLJKWRIQPFORVHWRH[SHULPHQWDOFRQGLWLRQV7KH':LVVHHQDVWKHEULJKWSROHORFDWHGEHIRUHWKH13VSROHVLWLVLQGLFDWHGE\DUURZLQ)LJG,Q WKH%W\SH FRQILJXUDWLRQ UHSUHVHQWHG LQ)LJ DZHKDYH KHDGWRKHDG WDLOWRWDLO PDJQHWL]DWLRQ LQ WKH 1:
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EXW WDLOWRWDLO KHDGWRKHDG PDJQHWL]DWLRQ LQ WKH 13V
7KHHQHUJ\SURILOH 	 
1: ':( [ KDVWKHSRWHQWLDOZHOO)LJ
E DQG WKH': LV SLQQHG DW WKH UHJLRQGLUHFWO\EHWZHHQWKH13V7KXVWKH1:UHPDJQHWL]DWLRQLVFRQQHFWHGZLWK':HVFDSHIURPWKHHQHUJ\ZHOOZKLFKLVGHILQHGPDLQO\E\PDJQHWRVWDWLFLQWHUDFWLRQRI1:SDUWV,DQG,,ZLWK13VILHOG[ FRPSRQHQWDQGGRHVQRWGHSHQGRQ':GLUHFWLRQ
7KHHVWLPDWHRIWKHDFWLYDWLRQHQHUJ\ :( DWWKH]HURILHOGLV Â HUJ ,Q DQ H[WHUQDOPDJQHWLF ILHOG WKHSLQQLQJEDUULHUFRQQHFWHGZLWKWKHSRWHQWLDOZHOOLVGHFUHDVHGVHH
FXUYHLQ)LJEDQGDW2HGHSLQQLQJILHOG :+  LWYDQLVKHVFRPSOHWHO\FXUYHLQ)LJE7KH PLFURPDJQHWLF PRGHOLQJ FRQILUPHG WKH ':SLQQLQJ EHWZHHQ 13V IRU WKH %W\SH FRQILJXUDWLRQ 7KHPDJQHWL]DWLRQ GLVWULEXWLRQ LQ WKH 1:13V V\VWHP ZLWKSLQQHG':LVUHSUHVHQWHGLQ)LJF7KHGHSLQQLQJILHOGHVWLPDWHG GLUHFWO\ IURP WKH 2200) VLPXODWLRQV ZDV2H7KH )LJ G VKRZV WKH H[SHFWHG 0)0 FRQWUDVWGLVWULEXWLRQ FRUUHVSRQGLQJ WR WKH FRQILJXUDWLRQ RIPDJQHWL]DWLRQSUHVHQWHGLQ)LJF7KH':LVVHHQDVWKHEULJKWSROH ORFDWHGEHWZHHQ WKH13VSROHV LW LV LQGLFDWHGE\DUURZLQ)LJG
),*DLVWKH&W\SHFRQILJXUDWLRQRIPDJQHWL]DWLRQLQ1:
13VV\VWHPELVWKHHQHUJ\SURILOH 	 
1: ':( [ DW]HURH[WHUQDO
ILHOGFLVWKHPRGHOPDJQHWL]DWLRQGLVWULEXWLRQDW]HURH[WHUQDO
ILHOG DIWHU DSSO\LQJ GULYLQJ ILHOG H [+   2H GHPRQVWUDWLQJWKH':SLQQLQJRQWKHSRWHQWLDOEDUULHUEHIRUHWKH13V
7KH WKLUG SRVVLEOH FRQILJXUDWLRQ LQ ZKLFK WKH 13VPRPHQWV KDYH WKH VDPH GLUHFWLRQ KHDGWRWDLO EXW WKH': PDJQHWL]DWLRQ KDV WKH RSSRVLWH GLUHFWLRQ &W\SHFRQILJXUDWLRQ LV SUHVHQWHG LQ )LJD ,Q WKLV FDVH WKH [FRPSRQHQWV RI VWUD\ PDJQHWLF ILHOGV IURP WKH 13V DUHSDUWO\ FRPSHQVDWHG7KH FDOFXODWHG HQHUJ\ ODQGVFDSH KDVWKHSRWHQWLDOEDUULHUFDXVHGE\LQWHUDFWLRQRIWKH':ZLWKWKH\ FRPSRQHQWRI WKH13VILHOG)LJE+HQFH LQ WKH&W\SH FRQILJXUDWLRQ D ': FDQ EH SLQQHG LQ WKH UHJLRQEHIRUH 13V 7KHPRGHO GLVWULEXWLRQ RI PDJQHWL]DWLRQ IRUWKH&W\SHFRQILJXUDWLRQZLWKSLQQHG':LVSUHVHQWHG LQ)LJF ,Q VLPXODWLRQVZH DUWLILFLDOO\ LQLWLDOL]HG D': LQWKH OHIW IURQW RI WKH1:DQG XVHG WKH VPDOO GULYLQJ ILHOG
H [+   2H WR VWLPXODWH ': SURSDJDWLRQ 7KH HIIHFW RI': SLQQLQJ ZDV UHJLVWHUHG DV WKH VWDELOL]DWLRQ RI ':SRVLWLRQ LQ WKH H[WHUQDO PDJQHWLF ILHOG 7KH &W\SHFRQILJXUDWLRQ KDV D YHU\ VPDOO SLQQLQJ HQHUJ\ LQFRPSDULVRQ ZLWK $ FRQILJXUDWLRQV 7KH HVWLPDWH RI WKH
HQHUJ\ EDUULHU E( DW ]HUR H[WHUQDO ILHOG LV Â HUJ7KH FDOFXODWHG GHSLQQLQJ ILHOG HVWLPDWHG DV EDUULHUYDQLVKLQJ LQ WKH H[WHUQDO ILHOG LV 2H WKDW SUDFWLFDOO\FRLQFLGHV ZLWK  2H HVWLPDWHG GLUHFWO\ IURP WKH2200)VLPXODWLRQV
),*DLVWKH'W\SHFRQILJXUDWLRQRIPDJQHWL]DWLRQLQ1:
13VV\VWHPELVWKHHQHUJ\SURILOH 	 
1: ':( [ DW]HURH[WHUQDO
ILHOGFLVWKHPRGHOPDJQHWL]DWLRQGLVWULEXWLRQDW]HURH[WHUQDO
ILHOG DIWHU DSSO\LQJ H [+   2H GHPRQVWUDWLQJ WKH ':SLQQLQJLQWKHSRWHQWLDOZHOOEHWZHHQ13V
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(E
7KHIRXUWKSRVVLEOHFRQILJXUDWLRQ'W\SHLVSUHVHQWHGLQ )LJD ,Q WKLV FDVH WKH GLUHFWLRQV RIPDJQHWL]DWLRQ LQERWK 13V DUH WKH VDPH KHDGWRWDLO DQG FRLQFLGH ZLWK
':RULHQWDWLRQ7KHHQHUJ\ODQGVFDSH 	 
1: ':( [ KDVWKH
SRWHQWLDOZHOOFDXVHGE\LQWHUDFWLRQRIWKH':ZLWKWKH\FRPSRQHQWRI WKH13V ILHOG )LJE+HQFH LQ WKLVFDVHWKH':FDQEHSLQQHG LQ WKH UHJLRQGLUHFWO\EHWZHHQ WKH13V VHH WKH SRVLWLRQ RI SLQQHG': LQ )LJ F EXW WKLVFRQILJXUDWLRQ KDV D VPDOO SLQQLQJ HQHUJ\ LQ FRPSDULVRQZLWK%FRQILJXUDWLRQV7KHHVWLPDWHRI WKHHQHUJ\EDUULHU
Z( DW ]HUR ILHOG LV Â HUJ 7KH GHSLQQLQJ ILHOGHVWLPDWHG DV WKH SRWHQWLDO ZDOO YDQLVKLQJ LQ WKH H[WHUQDOILHOGLV2H7KHGHSLQQLQJILHOGHVWLPDWHGGLUHFWO\IURPWKH2200)VLPXODWLRQVZDV2H
([SHULPHQWDO 7KH1:13VV\VWHPVZHUHIDEULFDWHGXVLQJDQHJDWLYHHEHDP OLWKRJUDSK\ DQG LRQ HWFKLQJ SURFHVVHV 7KH&R)HQP9QP&XQP PXOWLOD\HUVWUXFWXUHZDVGHSRVLWHGRQWR D6L VXEVWUDWHE\PDJQHWURQVSXWWHULQJ$IWHUZDUGWKHVDPSOHZDVFRYHUHGE\IXOOHUHQH&QPZKLFKZDVXVHGDVHEHDPUHVLVW7KH LQLWLDOSURWHFWLYH PDVN ZDV IRUPHG LQ & E\ H[SRVXUH LQ WKH(/3+< 3/86 V\VWHP EDVHG RQ WKH VFDQQLQJ HOHFWURQPLFURVFRSH ³6835$ 93´ ZLWK VXEVHTXHQW FKHPLFDOWUHDWPHQWLQDQRUJDQLFVROYHQW$IWHUZDUGWKHLPDJHZDVWUDQVIHUUHGLQ&XOD\HUE\$U LRQHWFKLQJDQGIXUWKHULQ9OD\HU E\ SODVPD HWFKLQJ LQ )UHRQ$W WKH ILQDO VWDJH WKH1:13V V\VWHP ZDV IDEULFDWHG LQ IHUURPDJQHWLF&R)H OD\HU E\ $U LRQ HWFKLQJ 7KH FKDUDFWHULVWLFVFDQQLQJ HOHFWURQ PLFURVFRSH 6(0 LPDJH RI WKH 1:13VV\VWHPLVUHSUHVHQWHGLQ)LJ
),*7KH6(0LPDJHRIQDQRZLUHQDQRSDUWLFOHVV\VWHP
7KHZLGWKRIWKH1:ZDVQPWKH1:OHQJWKZDVDERXW  P ODWHUDO GLPHQVLRQV RI WKH 13V ZHUHî QP WKH 131: VHSDUDWLRQ ZDV  QP WKHGLDPHWHURIQXFOHDWLQJSDUWZDVQP7KH PDJQHWLF VWDWHV DQG WKH PDJQHWL]DWLRQUHYHUVDOHIIHFWV LQ WKH 1:13V V\VWHP ZHUH VWXGLHG XVLQJ DYDFXXP PXOWLPRGH VFDQQLQJ SUREH PLFURVFRSH ³6ROYHU+9´ ZKLFK LV HTXLSSHG ZLWK D GF HOHFWURPDJQHWLQFRUSRUDWHG LQ D YDFXXP YLEUDWLRQ LQVXODWLQJ SODWIRUPWKHPD[LPDOPDJQLWXGHRIPDJQHWLF ILHOG LVN2H7KHVFDQQLQJSUREHVZHUHFREDOWFRDWHGZLWKDWKLFNQHVVRIQP%HIRUHPHDVXUHPHQWVWKHWLSVZHUHPDJQHWL]HGDORQJWKHV\PPHWU\D[HV= LQDN2HH[WHUQDOPDJQHWLFILHOG
7KH PDJQHWLF IRUFH PLFURVFRSH 0)0 PHDVXUHPHQWVZHUHSHUIRUPHG LQ WKHQRQFRQWDFWFRQVWDQWKHLJKWPRGH
7KH SKDVH VKLIW M'  RI FDQWLOHYHU RVFLOODWLRQV XQGHU WKH
JUDGLHQWRIWKHPDJQHWLFIRUFHZDVUHJLVWHUHGWRREWDLQWKH0)0 FRQWUDVW $OO PHDVXUHPHQWV ZHUH SHUIRUPHG LQ DYDFXXPRI7RUUZKLFKLPSURYHGWKH0)0VLJQDOGXHWRDQLQFUHDVHLQWKHFDQWLOHYHUTXDOLW\IDFWRU
5HVXOWVDQGGLVFXVVLRQ
:H LQYHVWLJDWHG WKH GHSHQGHQFH RI WKH SLQQLQJGHSLQQLQJSURFHVVHVLQWKH1:13VV\VWHP)LJRQWKHFRQILJXUDWLRQRIPDJQHWL]DWLRQLQWKH13V7KHH[SHULPHQWZDVSHUIRUPHG LQ VLWX LQ WKH0)0³6ROYHU+9´YDFXXPFKDPEHU)LUVWZHVWXGLHGWKH1:PDJQHWL]DWLRQUHYHUVDOZKHQPDJQHWLFPRPHQWVLQ1:13VV\VWHPFRUUHVSRQGHGWR WKH $W\SH FRQILJXUDWLRQ 7KH GLIIHUHQW VWDJHV RI 1:UHPDJQHWL]DWLRQH[SHULPHQWDUHUHSUHVHQWHGLQ)LJ7KHLQLWLDOVWDWHZDVSUHSDUHGE\SUHYLRXVVDPSOHPDJQHWL]LQJDORQJ WKH 1: LQ ± [ GLUHFWLRQ LQ +__   2HDSSUR[LPDWH UDWH RI ILHOG LQFUHDVLQJ ZDV  2HV DQGVXEVHTXHQW 13V PDJQHWL]LQJ LQ SHUSHQGLFXODU LQ \
GLUHFWLRQPDJQHWLF ILHOG+A  2HDQGUHPDJQHWL]LQJLQ±\ GLUHFWLRQ LQ UHYHUVHG+A ZLWKPDJQLWXGHRIDERXW 2H 7KH KHDG WR KHDG FRQILJXUDWLRQ LV IRUPHG LQUHYHUVHG ILHOG GXH WR VPDOO GLIIHUHQFH LQ 13V FRHUFLYLW\7KH0)0LPDJHRIWKHLQLWLDOVWDWHLVSUHVHQWHGLQ)LJD,W LV VHHQ WKDW WKH 0)0 FRQWUDVW SROHV SRVLWLRQV DW WKH0)0 LPDJH RI WKH LQLWLDO VWDWH FRUUHVSRQG WR WKH W\SH$FRQILJXUDWLRQ WKH GDUN SROH FRUUHVSRQGV WR WKH WDLO DQGEULJKW SROH FRUUHVSRQGV WR WKH KHDG RI WKHPDJQHWL]DWLRQYHFWRU $IWHUZDUGV WKH H[WHUQDO ILHOG+__ ZDV DSSOLHG LQWKH UHYHUVHG [ GLUHFWLRQ DQG1:UHPDJQHWL]DWLRQ HIIHFWZDV VWXGLHG $OO H[WHUQDO ILHOG PDQLSXODWLRQV ZHUHSHUIRUPHG ZLWK  2H VWHSV $Q DSSUR[LPDWH UDWH RIFKDQJH RI WKH ILHOG ZDV DERXW  2HV :KHQ +__H[FHHGHG 2H ': QXFOHDWLRQ ILHOG 1XF+  ZHUHJLVWHUHG WKH DSSHDUDQFH RI DQ DGGLWLRQDO EULJKW SROH LQWKH0)0LPDJHLQGLFDWHGE\WKHZKLWHDUURZLQ)LJEFRUUHVSRQGLQJ WR WKH': FRPSDUHZLWK )LJ G6RZHREVHUYHG WKH':SLQQLQJ RQ WKH SRWHQWLDO EDUULHU EHIRUHWKH13V7KH':SRVLWLRQZDVVWDEOHLQH[WHUQDOPDJQHWLFILHOGVXSWR+__ 2HEXWZKHQ+__H[FHHGHG2H':GHSLQQLQJILHOG %+  WKHUHPDJQHWL]DWLRQRIWKH1:ZDV REVHUYHG VHH FKDQJLQJ RI0)0FRQWUDVW DW WKH IUHH1:HQGLQ)LJF7KH GLIIHUHQW VLWXDWLRQ ZDV REVHUYHG IRU WKHPDJQHWL]DWLRQUHYHUVDOH[SHULPHQWLQ%W\SHFRQILJXUDWLRQRI 1:13V PDJQHWLF PRPHQWV 7KH LQLWLDO VWDWH ZDVSUHSDUHG E\ DQ DQDORJRXV PHWKRG WR WKDW RI WKH $W\SHFRQILJXUDWLRQ EXW IRU JHQHUDWLRQ RI WDLOWRWDLOFRQILJXUDWLRQ LQ 13V ZH XVHG WKH LQYHUVHG SURFHGXUH RI13V UHPDJQHWL]DWLRQ LQ D SHUSHQGLFXODU PDJQHWLF ILHOG7KH GLIIHUHQW VWDJHV RI WKH 1: UHPDJQHWL]DWLRQH[SHULPHQWDUHGHPRQVWUDWHGLQ)LJ7KH0)0LPDJHRIWKH LQLWLDO VWDWH LV SUHVHQWHG LQ )LJD 7KH 0)0 SROHVSRVLWLRQV FRQILUP WKH %W\SH FRQILJXUDWLRQ $QDORJRXVO\ZKHQWKHH[WHUQDOPDJQHWLFILHOG+__[ GLUHFWLRQH[FHHGHG2H ZH UHJLVWHUHG WKH DSSHDUDQFH RI WKH DGGLWLRQDOEULJKW 0)0 SROH LQGLFDWHG E\ ZKLWH DUURZ LQ )LJ EFRUUHVSRQGLQJ WR WKH':%XW LW LV VHHQ WKDW LQ WKLV FDVHWKH':ZDVSLQQHGULJKWLQEHWZHHQ13V
QP
),*  7KH 0)0 LPDJHV RI 1:13V V\VWHP DIWHU WKHDSSOLFDWLRQRIDQH[WHUQDOPDJQHWLFILHOG DLV LQLWLDOVWDWHZLWK$W\SH FRQILJXUDWLRQ DIWHU SUHYLRXV PDJQHWL]LQJ E LV 0)0LPDJHRI':SLQQHG DW WKHEDUULHU QHDU WKH13V DIWHU DSSO\LQJ2HH[WHUQDOILHOG':SRVLWLRQLVLQGLFDWHGE\ZKLWHDUURZFLV0)0LPDJHRIWKH1:13VV\VWHPDIWHUUHPDJQHWL]DWLRQLQ2HH[WHUQDOPDJQHWLFILHOG7KHVFKHPHVRIPDJQHWL]DWLRQDUHUHSUHVHQWHGDWOHIWERWWRPFRUQHUV

),*  7KH 0)0 LPDJHV RI 1:13V V\VWHP DIWHU WKHDSSOLFDWLRQRIDQH[WHUQDOPDJQHWLFILHOG DLV LQLWLDOVWDWHZLWK%W\SH FRQILJXUDWLRQ DIWHU SUHYLRXV PDJQHWL]LQJ E LV 0)0LPDJHRI':SLQQHGDWWKHZHOOEHWZHHQ13VDIWHUDSSO\LQJ2HH[WHUQDOILHOG':SRVLWLRQLVLQGLFDWHGE\ZKLWHDUURZFLV0)0LPDJHWKH1:13VV\VWHPDIWHUUHPDJQHWL]DWLRQLQ2H H[WHUQDO PDJQHWLF ILHOG 7KH VFKHPHV RI PDJQHWL]DWLRQ DUHUHSUHVHQWHGDWOHIWERWWRPFRUQHUV

D
F
+  2H
+  2H
E
+  2H
D
E
F
+  2H
+  2H
+  2H
),*  7KH0)0 LPDJHV RI PDJQHWL]DWLRQ UHYHUVDO RI 1:13V V\VWHP ZLWK &'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